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ABSTRACT: 

PURPOSE: To stably maintain plasma by a method wherein the atom like 
hydrogen, to be fed to a fiim-forming region, is grown by bringing hydrogen 
molecules to come in contact with heated metal surface, and the feeding 
condition of the atom like hydrogen is independently controlled separating from 
the. film- deposition condition. 

CONSTITUTION: A substrate A is attached to an electrode 101 , a film-forming 
chamber 1 17 is depressed, and the substrate A is heated up. H<SB>2</SB> 
gas 

and Ar gas are fed to the film-forniing chamber 117, and the pressure of the 
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chamber Is adjusted. On the other hand, a nozzle 1 18 is heated up, the 
H<SB>2</SB> gas, entering into the film-forming chamber passing through the 
nozzle 1 18 together with Ar gas, is thermo-dissociated and formed into atomic 
hydrogen . Besides, RF is applied to an electrode 102, and plasma is 
generated 

between the electrodes 101 and 102. SiH<SB>4</SB> gas is allowed to flow 
into 

the film-forming chamber 117, and an a-Si film is formed by plasma. At this 
time, the SiH<SB>4</SB> gas is fed intermittently by switching a valve 116, and 
an a-Si film-forming process and an atom like hydrogen feeding process are 
repeated alternately. Accordingly,: the feeding of atom-like hydrogen can be 
controlled independent of film formation. 
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CLAIMS 
[Claim(s)] 

[Claim 1] In the manufacturing process of the amorphous silicone thin film which repeats by 
turns the film deposition process which deposits an a-Si layer to a substrate, and the process 
which supplies atomic hydrogen to a membrane formation field, and forms membranes The 
above-menfioned atomic hydrogen is the manufacture method of the amorphous silicone thin 
film characterized by generating a hydrogen molecule by contacting to the heated surface of 
metal. 

DETAILED DESCRIPTION 

[Detailed Description of the Invenfion] 
[0001] 

[Industrial Application] This invention relates to the manufacturing process of the amorphous 
silicone thin film which carries out the film deposition of amorphous silicon and its compound 
on a substrate as a semiconductor thin film used for TFT of photoelectrical conversion 
equipment, such as a solar cell, a line sensor, and an area sensor, and a liquid crystal display, 
an electronic photograph photo conductor, etc. 
[0002] 

[Description of the Prior Art] [ the semiconductor thin film which carried out the film deposition 
of amorphous silicone (it is hereafter written as "a-Si"). and its compound ] There is not only an 
advantage that it can create, at low temperature, but since the optical absorption in visible light 
is large, it is widely used for TFT of photoelectrical conversion equipment, such as the solar 
cell and line sensor by which a large area is demanded especially, an area sensor, and an 
electronic photograph photo conductor, and a liquid crystal display etc. 
[0003] As the creation method of the semiconductor thin film of above-mentioned a-Si By the 
present, it is SiH4 and Si2 H6. RF plasma CVD method (what is called a GD method) made 
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into membrane formation gas, the microwave plasma CVD metliod, the reactive sputtering 
method performed in Ar plasma with Si target under existence of hydrogen gas. etc. have been 
used, in addition - there is a report of an optical CVD method, the ECRCVD method, the . 
vacuum deposition method of Si under existence of atomic hydrogen, etc. experimentally Si2 
H6 etc. -- there is also an example of membrane formation by a heat CVD method. 
[0004] Most a-Si films obtained by these methods are what is called hydrogenation a-Si that 
contains hydrogen 10% or more, and have the characteristic as an electronic industry material 
which can be used for an a-Si semiconductor device. As a manufacturing process of such a-Si, 
the plasma CVD method described below has spread most, and, in many cases, it is SiH4 
here. Or Si2 H6 Gas is used. And if needed, it dilutes with hydrogen gas and they are 
13.56MHZ or 2.54GHZ. Plasma is generated in high frequency, by this, membrane formation 
gas is decomposed, the existing reactant activated species are built, and an a-Si film is 
deposited on a substrate. And if doping gas, such as PH, BH, and BP, is mixed in membrane 
formation gas. n type or a p type a-Si semiconductor device can be made. It is different from a 
single crystal Si, and can form membranes also on a low-temperature board or a glass 
substrate, and in a-Si, it is strong and it is more nearly isotropic than the case where large- 
area-izing is not only also easy, but optical absorption is crystalline silicon. [ of the 
characteristic ] It is widely used in a different field from crystalline silicon for there being no 
directivity and there being no crystal grain community like many crystals etc. 
[0005] Furthermore, in the above-mentioned plasma CVD method, what contains ******** in 
amorphous ** could be made, for this reason, the rate of the micro. crystallite layer was chosen 
if needed, and the semiconductor device which can be used for various fields has been 
offered. 

[0006] As the latest new motion, many proposals which improve the membraneous quality of 
a-Si by hydrogen plasma irradiation are made in the method of forming a-Si. For example, the 
method currently indicated by JP,H2-27824,B and JP,H2-197117,A is it. However, high 
temperature is required for these methods, or there are problems, like crystallization of a-Si 
occurs easily. 

[0007] As the different way of thinking from these Journal of Non-Crystalline Solids There is a 
method currently indicated by the 114th volume 145 pages (1989), the collection (1990. 2.4) of 
the new-materials 21st century forum material union forum synthesis SHIMPOJIA drafts or the 
collection of the Japan Society of Applied Physics spring lecture meeting (1990) drafts, etc. By 
these methods, it is thick to the grade which can do the network of a-Si, and after H atom 
moreover deposits a thin a-Si layer on the grade which can be diffused easily, you have to 
repeat and complete the procedure of irradiating hydrogen plasma. As a result, to be sure, a 
quality thing can be obtained, controlling crystallization of a-Si. 
[0008] 
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[Problem to be solved by the invention] However, between the high frequency plasma for 
generating the high frequency plasma used for deposition of an a-Si layer, and above- 
mentioned atomic hydrogen, in order to use high frequency plasma, such as RF and 
microwave, for generating atomic hydrogen by these methods Not only control is difficult, but 
there needs to be an interaction, or it is necessary to control the two above-mentioned sorts of 
plasma independently, and there Is a fault that optimization of a process is difficult. That is. 
supposing it uses RF plasma for membrane formation of an a-Si layer and uses microwave 
plasma for example, for atomic hydrogen generation, you have to make two kinds of this 
plasma live together stably and efficiently in one vacuum chamber fundamentally. However, it 
is difficult for both sides to choose the optimal electric discharge pressure individually. 
Moreover, although silica glass and the injection window of material with little absorption of 
other microwave are needed for a microwave injection into a vacuum, SiH4 carry out back 
diffusion to the direction of this injection window, they make a window deposit a-Si. and the 
problem of reducing the injection intensity of microwave also has them. 
[0009] 

[Objects of the Invention] In order to solve the above-mentioned problem, when maintaining 
stably the plasma which generates an a-Si layer, by this invention, it is going to provide 
generating atomic hydrogen in a vacuum with the manufacturing process of the realistic 
amorphous silicone thin film using the means acting as an obstacle in any way. 
[0010] 

[Problem to be solved by the invention] Namely, it sets to the manufacturing process of the 
amorphous silicone thin film which repeats by turns the film deposition process which deposits 
an a-Si layer to a substrate, and the process which supplies atomic hydrogen to a membrane 
formation field, and forms membranes in this invention. The above-mentioned atomic hydrogen 
generates a hydrogen molecule by contacting to the heated surface of metal. 
[0011] 

[Function] For this reason, in a vacuum, when repeating supply of deposition/atomic hydrogen 
of an a-Si layer by turns and performing film deposition, since only plasma control for 
deposition of an a-Si layer will always be performed, stably, it is efficient and plasma can be 
supplied. 
[0012] 

[Working example] Next, the example which enforces the method of this invention is explained 
with reference to drawing 1 or drawing 8 . it is indicated in drawing 8 as the procedure which 
deposits an a-Si film in this invention as that example - as ~ definite period of time tO as 
opposed to this deposited a-Si layer after performing deposifion of an a-Si layer in between ~ 
another definite period of time tA only - it is repeating a set of steps of carrying out atomic 
hydrogen supply. For example, tO It is vD about the deposition speed of a between. The 
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deposition film thickness L if it carries out. after repeating eacti step n times, and deposition 

time tl which this takes It is as follows if it calculates simply. 

[0013] 



Therefore, average deposition speed VD VD =L/tT = {tO /(tO+tA)} and vD .... (3) 

When actually forming membranes, they are L and VD. It becomes [ whether it is in agreement 

with the value calculated by the upper formula, and ] a value a little smaller than it. 

[0014] In addition, it is not limited to the above-mentioned simplest example, and tD of each 

step. vD. and tA are tD, vD, and tA for every step. You may change and it is vD further. You 

may be not a steady value but the function of time. 

[0015] Now, at the manufacturing process of this invention, it is tA. The deposition film surface 
receives irradiation of atomic hydrogen in between. It is not necessarily clear what has 
occurred in the meantime, however, atomic hydrogen - the inside of sedimentary layers - 
being certain - grade diffusion is carried out and it is thought that drawing out of superfluous 
atomic hydrogen and recombination (structure relaxation) of Si network are promoted by this. 
As a practical question, it is tD. Thickness I (=vD and tD) of 10A or more of the layer of a-Si 
deposited in between is [ beyond 2 atom layer grade ] required, for example. 
[0016] Supposing the layer deposited newly has only 1 atom layer grade, amorphous structure 
cannot be kept stable, but by irradiation of atomic hydrogen, it will crystallize infinite, an a-Si 
film will go, and it will become very difficult to control the extent. I hear that the following 
processes are carried out and there is thinking as this cause. [ namely, the layer of atomic 
hydrogen of the a-Si layer surface made by irradiation of atomic hydrogen in front of 1 step ] 
Diffusion of the surface of Si atom deposited on the surface at the following step is promoted, 
and further, since Si can hardly construct a three-dimensional network at this step, at the time 
of irradiation of the following atomic hydrogen, without the ability maintaining an a-Si network 
(two-dimensional), I hear that it will crystallize and it is. 

[0017] Thus, recombination of too much Si network by irradiation of above-mentioned atomic 
hydrogen is prevented, and it is in the good state of control nature, and in order to make 
membrane formation of an a-Si film realize structure relaxation, it is required for it to deposit 
10A or more. In addition, the a-Si layer deposited between tD(s) is tD although muc-Si may be 
included partially. Since it will be thought that structure relaxation is carried out and it goes, 
with the structure saved having contained muc-Si if the thickness of the volume layer of a 
between is 10A or more, too much uncontrollable crystallization can actually be prevented. If it 
puts in another way, an a-Si film accumulates on a thickness of 10A or more, for the first time, 
uncontrollable crystallization cannot fully take place supply of atomic hydrogen as a line, but 
structure relaxation with the amorphous structure which contained micro crystallite in the grade 
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of a wish can be planned. 

[0018] On the other hand, structure relaxation will not progress supply of atomic hydrogen as a 
line how much as the thickness of the a-Si layer in each step is 100A or more. Reduction of the 
hydrogen concentration in an a-Si film arid reduction of the peak-mesial-magnitude width of 
480cm-1 of the Raman spectrum can confirm the grade of such structure relaxation. Therefore, 
to The thickness of the a-Si layer deposited in between needs to be [ of 1 0OA or less ] 50A or 
less preferably. In addition, tA If it is long enough, for example, is made about 60sec, the 
hydrogen concentration in an a-Si film can be reduced to 5% or less than it, without making 
spin density increase not much. The effect of optical degradation does not show up in electrical 
conductivity, but ****** of an electron hole becomes high, and such an a-Si film has the 
advantage whose device property improves. Moreover, since there is little aggravation of the 
characteristic when substrate temperature is especially made low, low cost boards, such as a 
plastic board, can be used. 

[0019] The method of supplying atomic hydrogen in the manufacturing process of this 
invention is a simple method of contacting a hydrogen molecule to the heated surface of metal. 
In this case, advantageous metal material is tungsten (W) and palladium (Pb). Moreover, 1000 
degrees C or more are effective, for example, it is the temperature which is 1500-2000 
degrees C when it is W, and cooking temperature is H2. All are almost ****(ed) to H+ (atomic 
hydrogen). To the method of contacting a hydrogen molecule to a surface of metal, various 
methods are possible. The easiest method is the method of blowing off hydrogen gas from the 
red-hot thin nozzle 118 made from tungsten, as shown in drawing 1 and drawing 2 . Here, 
keeping the inside of the vacuum chamber 1 17 at about 50 mTorr, it is easy to blow off a 
hydrogen molecule from a nozzle 118 in practice, and when passing the above-mentioned 
nozzle 118, the above-mentioned hydrogen molecule is thermally ****(ed) by atomic hydrogen, 
and is turned in the direction of a substrate. 

[0020] In addition, as shown in drawing 3 , in order to supply atomic hydrogen, the tungsten 
wire 302 may be installed into a nozzle 301, this may be connected to a power supply 304 
through the lead 303, and you may scorch the above-mentioned wire. Moreover, as shown in 
drawing 4 , you may use the nozzle 401 with a flat mouth to supply atomic hydrogen to the 
substrate of a large area. Here, winding 403 is arranged at the exit of the above-mentioned 
nozzle 401, and this is connected to the power supply 404 through the lead. You may use the 
thing of structure which piled up the plate 501 as shown in drawing 5 through the spacer 502 
instead of winding 403 as shown in drawing 4 as a heater for atomic hydrogen generation. 
Here, the power supply 505 is connected to the above-mentioned plate 501 through the lead in 
the part of the interconnection part 503. In this case, the contact surface product of hydrogen 
gas increases and the generation efficiency of atomic hydrogen becomes high. Moreover, 
since heated Pb or its alloy has the strong operation which makes hydrogen penetrate, as a 



http://dossierl .ipdl.inpit.go.jp/cgi-bin/tran_.web_cgi_ejje?u-http%3 A%2F%2Fdo^^ %2Ei... 5/1 1/07 



.re;05-062917,A(1993) [CLAIM + DETAILED DESCRIPTION] 



Page 6 of 9 



nozzle is not constituted but it is shown in drawing 6 , tlie metfiod of making hydrogen oozing 
out from the heating element 603 which consisted of Pb(s) is also possible for it. In this case, 
the above-mentioned heating element 603 is located in a nozzle 601, and is heated at the 
heater 602 surrounding the above-mentioned nozzle 601. 

[0021] Thus, since plasma will not be used for it if the above methods are carried out, although 
atomic hydrogen is supplied, the conditions of supply of atomic hydrogen are controllable 
independently apart from the membrane formation conditions of an a-Si film. Here, since the 
control parameter is only the flux of nozzle temperature and hydrogen gas, it can control very 
easily. Moreover, the pressure in the membrane formation room 117 (vacuum chamber) can 
do control independently in the large range apart from hydrogen gas flux, if the KONDAKU 
wardrobe regulating valve of an exhaust air system is used. Therefore, the electric discharge 
conditions of a membrane formation process can optimize only it independently. 
[0022] the atomic hydrogen supply process between each membrane formation process 
repeated - SiH4 etc. ~ although supply of membrane formation gas is stopped, only supply of 
the above-mentioned atomic hydrogen is maintained. Here, if the pressure of the membrane 
formation interior of a room is kept at about 50 mTorr by the KONDAKU wardrobe regulating 
valve, even if it stops membrane formation gas, it is easy to maintain plasma stably. In 
addition, you may mix Ar etc. in membrane formation gas for stabilization of plasma. Moreover, 
.as long as there is necessity, plasma is turned off and it may be made to perform only supply 
of atomic hydrogen from a nozzle at an atomic hydrogen supply process. 
[0023] Moreover, make form of the nozzle of the above-mentioned example into the double 
cartridge which has a water jacket 706 in the circumference as shown in drawing 7 , and it is 
located in the portion 705 with a big inside diameter. If parallel arrangement of the heating 
element 702 is carried out in the direction of the gas stream in a nozzle 701 through a spacer 
703 Since it can prevent moving against the flow of hydrogen gas in a nozzle 701 , and 
membrane formation gas carrying out back diffusion of the inside of a nozzle 701 to a part for a 
heating unit (heating element), decomposition of the meinbrane formation gas for a heating 
unit, Si deposition in the heating surface of metal accompanying it can be prevented, and a-Si 
to a substrate top can be formed very stably, in addition, a thing equipped with the above- 
mentioned water jacket 706 - a nozzle outside ~ SiH4 etc. ~ it can prevent being soiled with 
the thermal cracking of membrane formation gas. 

[0024] The equipment of the whole which realizes such a manufacturing process is roughly 
shown in drawing 1 . Here, the hydrogen supply nozzle 118 is installed in usual RF plasma 
CVD equipment with the high frequency electrodes 101 and 102. And it is piped by this nozzle 
so that gas can be supplied from the gas supply systems 120, 121, and 122, such as H2 and 
Ar, etc. In addition, as for marks 120, 130, 140, and 150, a flux controller, and 122, 132, 142 
and 152 are the sources of gas supply the valve for supply of various gas, and 121, 131, 141 
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and 151 among a figure. The above-mentioned nozzle 1 18 is a product made from tungsten, 
sends current and is heated by 1500-2000 degrees C. Of course, as a material of a nozzle, it is 
possible to use Ta, Pd, and another Mo and high-melting point material. A deer is carried out, 
and a hydrogen molecule (hydrogen gas) is ****(ed) by atomic hydrogen when passing the 
above-mentioned nozzle. The section of the above-mentioned nozzle is shown in drawing 2 . 
Here, a lead and 205 are exchange power supplies the tungsten pipe with which a mark 201 
constitutes the principal part of a nozzle, and 204. 202 is a ceramic pipe for an insulation to 
piping, and the above-mentioned pipe 201 is connected to the gas piping 203 made from SUS 
through the above-mentioned ceramic pipe 202. 

[0025] Moreover, the membrane formation gas supply systems 160, 161, and 162 etc. pass 
along piping 112 and 113, and can supply membrane formation gas now to the vacuum 
chamber 1 17 through the change valve 116. In addition, a flux controller, and 162, 172, 182, 
192 and 212 are the sources of gas supply the valve for [ various ] gas supply in marks 160, 
170, 180, 190, and 210, and 161, 171, 181, 191 and 211 among a figure. And the above- 
mentioned change valve 116 has come to be able to perform the change of gas to the exhaust 
air line 1 14 and the exhaust air trap 1 15. 

[0026] The above-mentioned membrane formation room (vacuum chamber) 117 equips the 
inside of the high frequency electrode 101 with the heater 103 which heats Substrate A, is **** 
and heats a substrate. In addition, as for a mark 104, as for the matching box for plasma 
control, and 107, the lead for a heater 103 and 105 are [ an exhaust air duct and 109 ] vacuum 
pumps a high frequency power supply and 108 a grounding lead and 106 among a figure. 
[0027] The example which enforced the a-Si film manufacturing process of this invention is 
explained below using the equipment of such composition. First, Substrate A is attached to an 
electrode 101, the inside of the above-mentioned membrane formation room 117 is 
decompressed to a 10-7Torr stand, then, it energizes at a heater 103, and Substrate A is . 
heated to 280 degrees C. Next, H2 Ar gas is supplied for gas to the membrane formation room 
117 from the gas supply systems 130, 131, and 132 from the gas supply systems 120, 121, 
and 122, and indoor pressure is adjusted to 5bmTorr. H2 which heats this nozzle to 1800 
degrees C, flows through this with Ar gas with a nozzle 1 18 on the other hand, and goes into a 
membrane formation room Heat dissociation of the gas is carried out and it is made atomic 
hydrogen etc. Furthermore, in an electrode 102, they are 13.56MHZ. RF is impressed and 
plasma is generated between an electrode 101 and 102. At this time, plasma is stably 
maintained by work of a matching box 106. And it is SiH4 from the gas supply systems 160, 
161, and 162. It is begun to pass gas. Although the above-mentioned gas is turned to the 
exhaust air line 114, it is the stage where the gas stream was stabilized, and the change valve 
116 is used, the above-mentioned gas is introduced into the membrane formation room 117, 
and it goes into a membrane formation process at the beginning using the already generated 
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plasma. In this case, as shown in drawing 8 , it is the change of the above-mentioned valve 
116, and is SiH4. It is intermittent in supply of gas and the membrane formation process of an 
a-Si film and the supply process of atomic hydrogen are repeated by turns. And an a-Si layer is 
deposited on a thickness of 20A for every membrane formation process of the above- 
mentioned a-Si film, for example. Moreover, the supply process of atomic hydrogen in the 
meantime is maintained, for example for 60sec. In addition, SiH4 The pressure of the 
membrane formation room when passing is 0.1 Torn 

[0028] thus -- if the manufactured a-Si semiconductor thin film (5000A of film thickness) 
depends on an actual test result - film Nakamizu - base - it is concentration and is about 6 at 
(s)%. This numerical result was the abbreviation half in usual which did not supply atomic 
hydrogen from a nozzle but formed membranes continuously. Moreover, in this invention, there 
are also few falls of the degradation characteristic by optical irradiation of conventional 
photoelectric current, and they are about about 1 in continuation membrane formation / 5. 
[0029] Next, above-mentioned equipment explains the case where an a-Si film is 
manufactured, using a nozzle as shown in drawing 3 . Although each step is the same as an 
almost above-mentioned example, the cooking temperature of the substrate A at a heater is 
set as 340 degrees C, and the point of uniting the pressure in the membrane formation room 
1 17 with SOmTorr etc. is different. Here, in the high frequency electrode 102, they are 
13.56MHZ. Although RF is impressed, it is SiH4 to the membrane formation room 117. Before 
gas is passed, glow discharge does not break out by inter-electrode. And atomic hydrogen is 
supplied to the substrate A surface from the above-mentioned nozzle 1 18. By change 
operation of a valve 1 16, it is SiH4. If gas is introduced in the membrane formation room 117 
and internal pressure is set to 40mTorr, glow discharge will happen and deposition of an a-Si 
film will be made on the surface of Substrate A. After film deposition of 20sec, and SiH4 If 
supply of gas is stopped, the pressure in the membrane formation room 1 17 will decline, and 
glow discharge will stop. Supply of atomic hydrogen from a nozzle 1 18 is continued 60 sec in 
this state. This is repeated and deposition of the a-Si film of necessary thickness is attained. 
[0030] Thus, for example, it deposited, hydrogen concentration is about 4 at(s)% and a 5- 
micrometer a-Si film shows a figure single [ about ] and the good high characteristic rather than 
the case of the a-Si film by the GO method usual in the degree of drift **** of an electron hole. 
[0031] 

[Effect of the Invention] By using the manufacture method of the a-Si film of this invention as 
the above example showed Can avoid the difficulty of the problem in the conventional 
manufacturing process, for example, the stability by the membranous crystallization and the 
coexistence of high frequency plasma accompanying atomic hydrogen plasma irradiation, and 
control nature, and the conditions of supply of atomic hydrogen are separated from the 
conditions of film deposition. It can control independently and the effect that the stable plasma 
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is maintainable etc. is acquired. As a result, the membranous photoelectrical characteristic and 
the membranous optical degradation characteristic improved sharply, and creation of the good 
a-SI semiconductor thin film was attained. 



[Translation done.] 
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